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FIFTYyearsagovariousworkers,notablyMiescher(I897) andKossel(I896), first
extracted material which they termed nucleo-prot-ein and Kossel (1928) carried
out investigations on the protein moieties of this substance. In some germ cells
(e.g. saln-ion milt) there appeared to be a siniple protein in combination with the
nucleic acid which could readily be isolated by virtue of its basic character.
Kossel(I928) described similarprotein materialfrom various mainmalian ceRs (e.g.
calfthymus lymphocytes) which also had basic properties, though a more com-
plicated chemical structure. The two classes of proteins have been termed the
protamines and histones, respectively.
Theseproteins, in association with nucleic acid, i.e. niicleoprotein, are believed
to play an important part in cell reproduction, but their basic functions have
not been elucidated. Recently developed analytical techniques, particularly
chromatographic analysis and the use of the ultra-violet spectrophotoilieter,
have produced considerable fresh data on the composition of the nucleic acids,
but much less research has been done on the protein fractions. This paper
collects some information on this topic and some analytical results obtained in
our laboratory are presented.
The Proteins Found in the Nucleus.
Mirsky and Pollister (1946) were able to dissolve nuclear nucleoprotein in 1 m
sodium chloride, after first removing the cytoplasniic material with 0-14 m saline,
and to isolate this nucleoprotein by diluting the solution to a salt concentration
of 0-14 m, when itprecipitates in fibrous form. Similarmaterial could be obtained
from isolated nuclei (Dounce, 1943) confirming that these nucleoproteins were of
nuclear origin. This extracted material was found to consist of deoxyribo-
nucleic acid and two protein fractions, one of which was classified as a histone,
being readily soluble in acid and precipitated out of solution by ammonia. The
second protein was characterized by having a higher tryptophane content and
being soluble in acid or alkali, and was referred to as the tryptophane-containing
protein (Tr.pr.).
Later these observations were extended and it was found that by drastic
mechanical treatment of the nuclei followed by differential celitrifugation, a
material could be obtained consisting ofsmall fibreshaving certain characteristics
similar to chromosomes, when examined under the microscope (Mirsky and Ris,
1947; Mirskv, 1947). The conclusions have, however, been questioned by .1131 CHEMISTRY OF NUCLEAR PROTEINS
Lamb (1949), who maintained that under the conditions employed the iluelei
are actually torn into fibres, but not necessarily ruptured. Mirsky (1947) found
that treatinent ofthe isolated chromosomes with I m sodium chloride caused much
of the niaterial to pass into solution, as had been observed with the isolated
nuclei. Thread-like portions, termed "residual chromosomes,"' remained un-
dissolved, and contained protein with sonie nucleic acid. The material extracted
was a nucleoprotein containing nucleic acid and histone, but no Tr.pr. It was
suggested, therefore, that this must be derived from the residual chromosomes.
It must be pointed out, however, that the method which siiecessfully extracted
nucleoprotein containing Tr.pr. from isolated nuclei, apparently failed to do so
from the chromosomes, and therefore claims respecting the identity of Tr.pr.
and the residual chronlosomes must await analytical confirmation. 1-t is of
special interest that cells which could be considered metabolically active (liver,
kid'ney) contain as mucb. as 50 per cent ofthe total isolated chromosome material
in the form of residual chromosome.
Stedman and Stedman (1943, 1947) also isolated an acid-insoliible protein
from the nucleus which they termed
" chromosomin," believing that it was the
structural protein ofthe chromosome and that in the nucleus it was embedded in
a support of nucleo-bistone. The work ofboth Mirsky (1947) and Stedman and
Stedman (1943, 1947) seems to indicate that a protein forms the basic structure
of the ebromosomes though the part played by the nucleic acid and the histone
is uncertain. This is an important aspect but cannot be discussed here. Mention
should be made, however, of the work of Mazia (1941) and Mazia, Hyashi and
Yudowitch (1947), who foiind that enzymatically the nucleic acid can be digested
awav from salivarv gland chromosomes without disrupting the structure, but
that a proteolytic enzyme would cause disintegration. Kauffmann., Gay and
MacDonald (1949) have recently suggested that this work may need further
investigation before interpretations on chromosome structure can be made.
Mayer and Gulick (1942) prepared nuclear material by a method in which the
tissue is frozen, dried and then fractionated by sedimentation in organic solvents
at various specific gravities. From this material they isolated nucleic acid and
histone, and in addition a fraction with isoelectric point between 5-8 and 6-15,
which coiistituted anappreciableproportionofthenuclearproteins. Theevidence
suggested that the fraction contained a sulphur-containing protein with an acidic
isoelectric point and a protein ofglobulin type- If this material was, indeed, of
nuclear origin, then this fraction appears to correspond in properties with the
"chromosomin"'of8tedmanandStedman(1943,1947). RecentlyWang,Kirkham,
Dallan, Mayer and Thomas (1950) have reported the isolation of a similar acidic-
proteinfractionfromratlivernucleiandfromcalfth muschromosomes. The
nuclei and chromosomes were fi-rst extracted with I m sodi-um chloride and then
the residue was extracted with dilute sodium hydroxide. Acidification cf this
extract precipitated a protein which contained about 6 per cent arginine and
no nucleic acid. Since the nucleoprotein extracted from the nuclei has been
shown to contain nucleic acid histone and Tr.pr., the alkali soluble protein here
must be of different character and this is more likely to be the protein of the
residual chromosomes than the Tr.pr. fraction. Finally, two Russian workers
(Zbarskii and Debov, 1948) have reported that the protein remaining after the
extraction of the nucleoprotein consists of two fractions, one of which is weakly
acidic in character, being soluble in dilute alh-ah and having an isoelectric point132 D. HAMER
at I)H 5-0 to 5-3 (presumably similar to the fraction reported bv Wang, Kirkham,
Dallan, Maver and Thomas (1950)), andsecondly a final residue which is insoluble
in all the usual extraction media and only swells in alkali.
In the nucleus, therefore, there is evidence of the presence of four protein
fractions, in addition to the nucleic acid. Two components are extracted by I m
sodium chloride in association with the nucleic acid, namely, the histone and an
acid-insoluble protein. The protein of the nucleus remaining undissolved after
the extraction can then be split into two parts, a fraction soluble in dilute alkali
and aremaining insoluble residue (Fig. 1). Further work will be necessary before
the role and location ofthese fractions in the nucleus can be ascertained.
FiG. I.-The different fractions reported to be present in the nucleus.
Isolated nuclei
Residualprotein Nucleoprotem
Insoluble Alkali soluble N------ Histone Acid-insoluble
protein protein protein
It has now been shown that the nucleus has its ownspecific pattern of enzvmes
and since these are, presumably, protein in character, they must be considered.
Certain enzymes of the liver (e.g. arginase, D-amino-oxidase) have been found to
be precent in greater concentration in the nucleus than in the whole liver; alka-
line phosphatase is also very abun.ant, while others, particularly cytochrome
oxidase and succinic dehvdro-aenase, have been found to be much lower. Indeed,
with liver cell nuclei, the absence of succinic debydrogenase activity has been
used as a criterion ofpurity ofthe preparations. Ifconfirmed, this mavpossibly
have an application to nuclearprotein work in proving that onlv nuclefare being
used and so avoiding any cytoplasmic contamination. These aspects have been
well reviewed by Dounce (1950).
Available Analytical Data.
Most of the analytical results reported in the literature concern the protein
histone; so far no complete quantitative amino-acid analysis of this or any of
the other fractions is available, with the exception of the data of Kossel (1928)
summarized in Table 1. Arginine was found to'be the main constituent, account-
ing for some 25 per cent of the protein nitrogen, with leucine and lysine next in
content.
Felix and Harteneek (1926, 1927) and Fehx and Rauch (1931) in a series of
papers described the preparation and some analytical investigations on thymus
histone. Analyses were reported on histone hydrochloride and a possible mini-
mum molecular weight of 14,200 was estimated. The hydrochloride contained
15-9 per cent nitrogen and 1-87 per cent sulphur, 25-7 per cent of the nitrogen
beiing due to arginine and 5-5 per cent to histidine. In other work it was found
that the histone had 20 basic groupings and 7-5 free-COOR groups per 100 atoms133 CHEMISTRY OF NUCLEAR PROTEliNS
'TABLE I.-Early R6808 of the Amino-acid Composition of Thymus Histone
(Kossel, 1928).
The values are minimal and are expressed as a percentage of the total nitrogen.
Alanine 3-46 Leucine 11.8
Amnionia 6-46 Lysine 8- 04
Arginine 25
- 17 Phenylalanine 2- 20
Glutamic acid 0- 53 Proline 1-46
Glycine 0- 50 Tyrosine
. 5-29()
1. Histidine
iiitrogen, while the changes produced by pepsin treatment indicated the preseiice
of carboxyl-guanidine (or arginine) linkages.
Euler and Hahn (1946) investigated nucleo-protein from isolated nuclei alid
found that, with their preparative technique, some 45 per cent of the nucleo-
protein passed through the membrane on dialysis against I 3i sodium chloride.
Since this did not occur with nuclei dialysed in water it was presumed that the
salt solution had produced some dissociation. However, when the nucleoprotein
was prepared directly from thymus gland, on'ly a very small proportion was
dialysable, so presumably some degradation must have occurred (luring the
isolation of the nuclei. In a later paper in this series Ahlstrom (1947) reported
that 40 per cent ofhistonehydrochloride had a molecularweight less than 10,000.
This phenomenon has not been reported by any other workers and in the absence
of any analytical charactei-izationofthe materials is difficult to assess.. Da-vidson
and Lawrie (1948), using paper chromatography, carried out qualitative analyses
of specimens of histone and non-histone (acid-insoluble) proteins from nuclei of
calf thymus, rat liver and fowl erythrocytes. The histones contained alanine,
arginine, aspartic acid, glutamic acid, isoleucine, leucine, Ivsine, phenylalanine,
proline, serine, tyrosine, valine and one unidentified constituent. In addition
to the above amino-acids the acid-insoluble portein contained I per cent trypto-
phane, glycine but no lysine, and a further unidentified component. In silnilar
studies Khouvine and Gregoire (1949) have analysed nuclear nucleoprotein from
rat epithelioma and compared it with that foiind in the surrounding nectrotic
tissues. The acid-extractable proteins NN-ere compared, using paper chromato-
graphy and found to be qualitatively the same. Very recently Stedman and
Stedman (1950) have reported arginine contents of histones from various tissues
and found they all contained about 28 to 30 per cent arginine (as per cent oftotal
nitrogen). In addition these workers claim to have isolated sub-fractions of the
histone of different composition, but no details of the n-iethod of extraction or
fractionation are given.
Importance has often been attached to the tryptopbane content ofthe nuclear
proteins. Generally speaking, histone specimens have been found to contain
0-0 per cent to 0-1 per cent, while the acid-insoluble proteins have about 1-0 per
cent tryptophane. Stedman and Stedman (1-947) believe that the presence of
tryptopbane in histone is an indication of impurity. Mirsky and Pollister
(1946) found very small amounts of tryptophane in histone, but about 0-8 per
cent in the Tr.pr. fraction, and 1-36 per cent in the residual chromosomes. Felix
and Rauch (1931) and Stedman and Stedman (1947) have both found sulphur
and SH-groupings in histones, though other workers have iiot reported this.134 D. HAMER
Biological Propertie8.
There is little precise information on the biological function oft'he proteins in
the nucleus except that they are believed to be vital to cell reproduction. Using
micro-spectrophotometry, Caspersson (1950) has studied the content and distri-
bution of the nucleoproteins in the cell both at interphase and during mitosis.
This method has given very interesting data on the distribution of the nucleic
acids, but less certain data on the distribution of the proteins, since the absorp-
tion spectra ofdifferent proteins do not vary considerably with their composition.
From measurements of light absorption at 2800 X, Caspersson claims to have
found changes in the amount of histone present at different stages in mitosis.
The investigations in this field have recently been summarized by Caspersson
(1950). Of the other histochemical studies reference will only be made to the
recent work of Thomas and Steinitz (1950) using a method which will stain pro-
teins ofhigharginine content inparaffin sections. Theapplication ofthis method
has indicated that the ratio ofarginine-containing protein (histone type) to total
protein, is greater in normalepidermis. Possibly a combination ofthis technique
with spectrophotometric methods will give further data on the localization ofthe
basic proteins in the nucleus.
Extracted histone has been tested for bactericidal action (NNleissman and
Graf, 1947) and the pharmacological properties of histone from avian erythro-
cytes bave also been studied. Thetoxicity to mice and rabbits has beenreported
as 255 mg./kg. (LD. 50) for histone sulphate (Reiner, De Beer and Green, 1942).
Some inhibitory action on grafted mouse Carcinoma 2146 has been described
(Stedman, Stedman and Pettigrew, 1944)-
THE PRESENT INVESTIGATIONS.
These have been reported in part to the Vth International Cancer Congress,
Paris (Hanier, 1950).
In this report theanalysis ofhistone from two sources will be described along
with some other observations on this material and its isolation. The work is
continued and extended to establish the characteristics of the different protein
fractions obtained from various tissues. Related work from these laboratories
on the nucleic acids in the nucleus and cvto-plasm has already been reported
(Woodhouse, 1949, 1950).
Preparation of Material.
The two tissues used for this work were: (a) Calf thymus gland, (b) trans-
plantable rat sarcoma, originally induced by a methyleholanthrene pellet im-
planted in the leg muscle. Nucleoprotein was extracted from these tissues in the
manner described by Mirsky and Pollister (1946). The nucleoprotein extract
was dissolved and precipitated three times by alternate solution in 1 m sodium
chloride followed by dilution to 0-14 m. The final precipitate was extracted over-
night with 0-1 N hydrochloric acid in the cold. The extract was dialysed free
from acid and then the histone precipitated with ammonia. The precipitate
was centrifuged off and dissolved in acid, centrifuged and dialysed against dis-
tilled water and lyophilised. The resulting protein was a white, light powder135 CHEMISTRY OF NUCLEAR PROTEINS
which dissolved readily in the presence of a trace of acid. The nitrogen content
ofhistone from both the above materials was 18-2 per cent.
The acid-insoluble protein was prepared from the whole protein ofthe nucleo-
protein, separated from the nucleic acid by the method of Sevag, Lackman and
Smollens (1938). The whole protein was washed free of nucleic acid by shaking
with more 1 m sodium chloride and then extracted with 0-I N hydrochloric acid.
The histone dissolved and theremaining insolubleprotein was dialvsed and dried.
For dialysis the protein fractions were hydrolvsed for 18 hours under reflux, with
6 N hydrochloric acid (redistilled).
Qualitative analysis.
After hydrolysis the protein fractions were examined by paper chromato-
graphic analvsis. The solvent n-bu'tanol-acetic acid-water (4:1:5) was used,
followed bv either collidine-lutidine-water (1:1:4) or phenol-water. The papers
were sprayed with 0-2 per cent ninhydrin and heated for 6 minutes at 100' C. to
develop the characteristic ninhydrin-amino-acid colours. Reference mixtures
,",,ere alwavs run at the same time.
In the acid-hydrolysates of three specimens, histone and the acid-insoluble
protein from thymus gland and histone from rat sarcoma, exactly the same com-
ponents were found. Indeed, by this qualitative method it was not possible to
detect any differences in composition in three fractions. All contained the
following aniino-acids: Alanine, arginine, aspartic acid, glutamic acid, glycine, bistidine, isoleucine and leucine, lysine, phenylalanine, proline, serine, threonine,
tyrosine, valine. No sulphur-containing amino-acids were detected. The
presence of histidine was confirmedwith the Pauly reagent. The analyses differ
from the results presented by Davidson and Lawrie (1948) in that those workers
did not find anyglycine, histidine or titreonine in histones. Thechromatographic analyses on starch columns d-escribed below did not reveal any furthercomponents but confirnied the presence ot'those listed.
Quantitative analysis.
The individual amino-acids in the protein hvdrolysates were first separated bv chromatographV on starch columns and then estimated colorimetrically with
ilinh-.'drii-i as described by Moore and Stein (I948, 1.949). The h drolysates were y evaporated to verv small volume under reduced ressiire and then taken up in a
small volume ofthe solvent (a) below. Smallsamples (0-5 c.c. containingapproxi- mately 0-45 nig. nitrogeii were used. for each analysis except in the case of the
solvent (c), wben halfthis amount was used to avoid excess ofwater onthe coluinn.
Columns ofpotato stai-ch I cm. diameter and 30 cm. long were used inconjunction with thefollowing solvents : (a) n-butanol-n-propanol-0.I -N- HCI (1:2:1) followed by n-propanol-0-5 N HCI (2:1) ; (b) ter-butanol-sec-butanol-0-1 N HCI (2:1:1) ; (C) benzyl alcohol-n-butanol-water (1:1:0-25). These solvents resolved all the amino-
acids found in the hydrolysates, so that quantitative estimations on the column
effluent could be made. The effluent was collected in fractions of about 0-7 ml.
every 35 minutes, when the column was run under positive pressure of 9 cm.
niercury, iising a time-based fraction collector (Hough, Jones and AVadman, 1.949). The whole fraction was taken for analysis with 1 ml. of 2 per cent nin-
hycirin in methyl-cellosolve-citrate buffer (1:1, pH 5) containing 0-8 per cent136 D. HAMER
stannous ebloride. The ninhydrin-animonia colour was produced by heating
in a boihng water bath for 20 minutes and then, after dilution to 8 rnl. with a
propanol-water (1:1) mixture, measured in the Hilger
" Spekker
" absorptio-
meter using Ilford spectrum yeRow filter H 606 (prohne with violet filter H 601).
The colour valiies of the tubes covering the emergence of an amino-acid were
added together and the total amount present was then calculated, making allow-
ance for the variable colour yields of the amino-acids (Moore and Stein, 1949).
The results for thneonine and serine were corrected for decomposition during
hydrolysis according to the work of Rees (1946). The results were expressed as
percentages ofthehydrolysatenitrogen taken andgood recoveries ofthis nitrogen
and am.monia were obtained. Moore and Stein (I949) studied the recovery of
individual amino-acids from mixtures and found that the chromatographic
procedure on starch columns is capable ofyielding recoveries of 100 ± 3 per cent.
Their average recoveries were well within this rang-e and the sum of the amino-
acids was almost invariably accurate to ± I per cent. The results for the major
components in Table 11 are estimated to be within 4- 3 per cent accurate, while
the values for certain minor components (histidine, proline and tyrosine) are
probably accurate to ± 5 Fer cent with the experimental technique used.
The results for the two histone specimens from calfthymus and rat sarcoma
are given in'Table IL
TABLE II.-Amino-acid Analysi8 of Histones.
A. B.
Alanine 6- 0 4- 7
Ammonia 4- 8 5-1
Arginine
. 30- 7 29-i
Aspartic acid . 3- 3 3- 9
Glutamic acid . 2- 25 1- 75
Glycine 5- 2 6.9
Histidine 4-0 3- 4
Isoleucine 12-0 10- 3
Leucine . 3
- 05 3- 0
Lysine
. 10- 8 12-5
Phenylalanine 1- 9 2-4
Proline 2- 7 2-4
Serine 3-45 3
- 9
Threonine 3-1 4-4
Tyrosine
. 1-4 1.1
Valine . 4- 9 5-1
99.55 99.95
Amino-acid nitrogen as percentage of protein nitrogen. A, From calf thymus ; B, from rat
sarcoma.
The results show that arginine is the maj'or constituent accounting for some
30 per cent ofthe proteinnitrogen (Stedman and Stedman, 1950), while the other
basic amino-acids, Ivsine and histidine, account for about 11 per cent and 3-5
per cent respectively. Isoleucine is the other principle constituent and the ratioCHEMISTRY OF NUCLEAR PROTEINS 137
of isoleucine to leucine (4:1) is the reverse of that found in many other proteins
(e.g. insulin, albumin, y-globulin). The basic protein, protamine, from germ cell
nucleoprotein contains isoleucine but no leucine. By separate analysis no
appreciable amount of trytophane could be found in the histone specimens.
Less than 0-04 per cent was found using the colorimetric method described by
Spies and Chambers (1948). No sulphur-containing amino-acids were detected
chromatographically, though using the Brdicka (1934) polarographic test about
0-04 g. cyst(e)ine per 100 g. protein was indicated in the rat sarcoma histone.
The thymus histone specimen was quite negative in this test. Comparing the
two specimens analysed, there are no striking differences in composition. The
amounts of threonine and alycine are some 30 per cent higher in the sarcoma
specimen, while the alanine content is 20 per cent lower. The total amounts of
the basic (arginine, lysine, histidine) and acidic (glutamic and aspartic acids)
amino-acids are the same in both proteins.
Analysis o the acid-imoluble protein.
As explained earlier, no difference in composition could be detected between
histone and the acid-insoluble protein of thymus nucleoprotein by qualitative
chromatographic analysis. Preliminary quantitative analyses on one specimen
have not revealed any appreciable difference in the proportions of the 15-amino-
acids present as compared with those inthymus histone. However, whenhydro-
lysates were tested by the polarographic method, an appreciable catalytic wave
was obtained, indicating the presence ofapproximately 0-5 per cent cyst(e)ine in
the protein. It would, therefore, appear that the difference in the properties ofthe two protein fractions, histone and the acid-insoluble protein, is due simply
to the presence of cystine (or cysteine) in the latter, perhaps producing some
different arrangement or linkage of the molecules to give an insoluble structure.
One other minor point of difference observed was that, whereas acid.hydroly-
sates of histone were a clear pale yellow, those of the acid-insoluble protein were
much darker and contained some insoluble black
" humin
" material.
Other experimental observations.
Histone was very easily extracted from thymus tissue in appreciable amounts
by the techniquereported earlier. However, using the same method only a com-
paratively small amount was obtained from the rat sarcoma material while, up
to the present, yields obtained from transplanted mouse tumours (a
" C3H car-
cinoma
" and a chemically induced transplantable sarcoma) have been too small
to permit cbaracterization. Instead, it has been found that hydrochloric acid
extracted a protein which precipitated on dialysis against water, but redissolved
in acid, apparently having an isoelectric point about pH 6. It is not yet clear
whether this is a fraction of different character or simply a denatured histone
product. Histone appears to denature very easily, thus although the material
is very soluble in dilute acid after lyophilizing, in less acidic solutions (pH 5-5
to 7) it disperses much more slowly and gives an opalescent solution.
One specimen of histone was taken up in phosphate buffer ofpH 6-5 when a
slightly opalescent solution resulted. This solution was then tested on the
analytical ultracentrifuge and showed the presence of a high molecular weight fraction sedimenting very rapidly, followed by a lighter material with sedimen-138 D. HAMER
tation constant 1.99 X 10-13 at 200 C., corresponding to a molecular weight of
about 15,000. Since no nucleic acid could be detected the heavier material was
presumed to be denatured histone and the other fraction possibly true histone.
DISCLTSSION.
It is remarkable that no considerable differences have so far been found
between the chemical composition of'the histone and the acid-insoluble protein
ofnucleoprotein. The latterhas, however, been found to contain a small amount
of cystine or cysteine. Stedman and Stedman (1943) believed that their acid-
insoluble material (chromosomin), despite a high content ofthe basic amino-acids
must also contain a relatively large amount of glutamic acid. The present
analyses do not support this claim. Since the two proteins, histone and the
acid-insoluble ty]pe are so similar and are extracted together, it seems possible
that they may be bonded together in the cell and are subsequently split by the
extraction techniques to give basic soluble histone and a denatured
" sulphur-
histone
" product.
No considerable differences have as vet been found in the nuclear proteins of
normal and neoplastic tissues. There are some small differences in the amino-
acid compositions and there is evidence of' variation in the proportions of the
protein fractions in different tissues. This may be connected with Mirsky's
(1947) observation on the variation ofthe proportion of
" residual chromosomes
"
in the cell in relation to its metabolic acti-vity. More analytical data is required
on the other fractions referred to in the review section and this aspect is being
pursued.
SUMMARY.
1. Previous work on the proteins of the nucleus of mammalian tiss.ues is
reviewed.
2. Complete amino-acid analyses of histone from calf thymus and from rat
sarcoma are given. Only small quantitative differences v-ere found, but there is
evidence of a difference in the ]proportion of the protein components in different
materials.
This work is part ofthe research programme ofthe Birmingham branch ofthe
British Empire Cancer Campaign. Acknowledgment is made to Miss D. M.
Waldron (Birmingham) forthepolarographic tests and to Dr. 0. Smithies (Oxford) for the ultracentrifuge experiment.
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